Thrombopoietin: biology and clinical potentials.
Thrombopoietin (TPO) is the principal physiologic regulator of platelet production. In vitro, TPO induces the growth of colony-forming units-megakaryocyte (CFU-MK) and the generation of mature polyploid megakaryocytes, which subsequently form extended cytoplasmic processes, termed proplatelets. On more differentiated CFU-MK, but not on megakaryocytes, TPO is critical for enhancing proplatelet formation. TPO has multilineage effects in hematopoiesis, not only stimulating megakaryocytopoiesis but also acting in synergy with other cytokines to enhance proliferation and survival of committed erythroid progenitors and primitive hematopoietic stem cells. Surface c-MPL, the receptor for TPO, defines a phenotype of hematopoietic stem cells with long-term repopulating ability. Treatment with various cytokine combinations, including TPO, results in an extensive ex vivo expansion of hematopoietic stem cells and blood cell precursors. In normal animals, pegylated recombinant human megakaryocyte growth and development factor (PEG-rHuMGDF) or glycosylated TPO increases the number of bone marrow megakaryocytes and their progenitors and greatly enhance the production of morphologically and functionally normal platelets. In contrast, they have only minimal effects on peripheral white blood cell and red blood cell counts. PEG-rHuMGDF used alone markedly expands circulating levels of multiple types of hematopoietic progenitors, and its effect is enhanced in combination with granulocyte colony-stimulating factor (G-CSF). Although PEG-rHuMGDF augments platelet aggregation induced by agonists in vitro, it has no influence in an animal model of thrombus formation. PEG-rHuMGDF or glycosylated TPO has a profound effect in a variety of animal models of thrombocytopenia, including myelosuppressive therapy. PEG-rHuMGDF treatment accelerates multilineage hematopoietic recovery, effectively improving thrombocytopenia, and, in most models, neutropenia and anemia. The concurrent administration of PEG-rHuMGDF and G-CSF does not interfere with the in vivo activity of cytokines but rather has synergistic effects. To further accelerate hematopoietic recovery, PEG-rHuMGDF administration should start at the earliest time following myelosuppressive treatment; this time sensitivity may result from the presence of a greater number of residual hematopoietic progenitors in the bone marrow soon after treatment. Moreover, if a relatively large dose of PEG-rHuMGDF is administered, a single intravenous injection is fully effective in improving impaired hematopoiesis. This effectiveness appears to be related to the persistence of PEG-rHuMGDF in the circulation. The safety and efficacy of two forms of the recombinant hormone, PEG-rHuMDGF and glycosylated human full-length TPO produced in mammalian cells, are currently under clinical investigation.